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REFUSE VEHICLE CONTROL SYSTEM AND METHOD 

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 

[0001] This application claims the benefit of priority to U.S. Ser. No. 
10/668,002, titled "Refuse Vehicle Control System and Method" filed 
September 22, 2003, which is a continuation-in-part of U.S. Ser. No. 
10/314,918, filed December 9, 2002, titled "Refuse Vehicle Control System and 
Method," hereby expressly incorporated by reference. 

BACKGROUND 

[0002] The present disclosure relates generally to the field of refuse vehicles. 
More specifically, the present disclosure relates to control systems for refuse 
vehicles. 

[0003] Various vehicles are known for handling refuse (e.g., collecting refuse, 
transporting refuse, etc.). Such vehicles may include front loaders, side loaders, 
rear loaders, bucket loaders, etc. These refuse vehicles are generally configured 
to collect refuse from a refuse bin and put it in a container on the vehicle for 
transport to another location such as a landfill or transfer station. Refuse 
vehicles are generally made in a variety of configurations to meet the 
requirements imposed by the particular refuse bins (e.g., bin on wheels, 
residential refuse can, etc.) and physical limits of the areas in which the. refuse 
is collected (e.g., the width and height of an alley where refuse is stored). 
[0004] A need exists for a way to monitor the various aspects and operations 
of a refuse vehicle and, based on the information obtained, prevent or disable 
certain operations of the refuse vehicle. Also, a need exists for a refuse vehicle 
that is able to effectively enable and disable various operations of the refuse 

vehicle in a manner that is timely and does not interfere or slow down the 

i 

process of collecting the refuse. 
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[0005] Accordingly, it would be desirable to provide a refuse vehicle that 
provides one or more of these features. Other features and advantages will be 
made apparent from the present description. The teachings disclosed extend to 
those embodiments that fall within the scope of the appended claims, regardless 
of whether they provide one or more of the aforementioned advantages or 
overcome one of the aforementioned disadvantages. 

SUMMARY 

[0006] According to an exemplary embodiment, a refuse vehicle comprises a 
transmission and a control system. The control system comprises a plurality of 
microprocessor based interface modules, a communication network configured 
to interconnect the plurality of interface modules, and at least one output 
device. The control system is configured to disable the output device when the 
transmission is in gear. 

[0007] According to another exemplary embodiment, a refuse vehicle 
comprises a control system. The control system comprises a plurality of 
microprocessor based interface modules, a communication network configured 
to interconnect the plurality of interface modules, and at least one output 
device. The control system is configured to disable the output device when the 
refuse vehicle reaches a threshold speed. 

[0008] According to another exemplary embodiment, refuse vehicle comprises 
a footboard and a control system. The control system includes a plurality of 
microprocessor based interface modules, a communication network configured 
to interconnect the plurality of interface modules, and at least one output 
device. The control system is configured to disable the output device when a 
person is positioned on the footboard. 

[0009] According to another exemplary embodiment, a refuse vehicle 
comprises a control system. The control system comprises a plurality of 
microprocessor based interface modules, a communication network configured 
to interconnect the plurality of interface modules, and at least one output 
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device. The control system is configured to disable the output device when the 
refuse vehicle is moving in reverse. 

[0010] According to another exemplary embodiment, a refuse vehicle 
comprises a chassis, a body, and a control system. The chassis includes an 
engine and a transmission. The body includes a footboard. The control system 
comprises a plurality of microprocessor based interface modules and a 
communication network configured to interconnect the plurality of interface 
modules. The control system is configured to shut the engine off when the 
transmission is in reverse and a person is positioned on the footboard. 
[001 1] According to another exemplary embodiment, a refuse vehicle 
comprises a chassis, a body, and a control system. The body includes a 
hydraulic oil reservoir. The control system comprises a plurality of 
microprocessor based interface modules, a communication network configured 
to interconnect the plurality of interface modules, and a hydraulic output device. 
The control system is configured to disable the hydraulic output device when 
the hydraulic oil reservoir is low. 

[0012] According to another exemplary embodiment a refuse vehicle 
comprises a chassis, a body, and a control system. The body includes a refuse 
handling device. The control system comprises a plurality of microprocessor 
based interface modules and a communication network configured to 
interconnect the plurality of interface modules. The control system is configured 
to prevent the refuse vehicle from exceeding a threshold speed when the refuse 
handling device is in a working position. 

[0013] According to another exemplary embodiment, a refuse vehicle 
comprises a chassis, a body, a lubrication system, and a control system. The 
lubrication system is configured to lubricate components of the body of the 
refuse vehicle. The control system comprises a plurality of microprocessor 
based interface modules and a communication network configured to 
interconnect the plurality of interface modules. The control system is configured 
to initiate a lubrication cycle at periodic intervals. 
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[0014] According to another exemplary embodiment, a refuse vehicle 
comprises a control system. The control system comprises a plurality of 
microprocessor based interface modules and a communication network 
configured to interconnect the plurality of interface modules. The control 
system is configured to prevent the refuse loader from initiating a refuse 
handling operation when the vehicle is moving, the control system being 
configured to allow, when the vehicle is moving, the refuse loader to complete 
the refuse handling operation initiated when the vehicle was not moving. 
[0015] According to another exemplary embodiment, a refuse vehicle 
comprises a chassis which includes a transmission, a body, and a control 
system. The control system comprises a # plurality of input devices, a plurality of 
output devices, a plurality of microprocessor based interface modules, and a 
communication network. The plurality of input devices includes a camera. The 
plurality of output devices includes a display. The plurality of interface modules 
are interconnected to each other by way of the communication network. Each 
of the plurality of interface modules is coupled to respective ones of the plurality 
of input devices and the plurality of output devices. The plurality of interface 
modules store I/O status information for the plurality of input devices and the 
plurality of output devices. The control system is configured to display at least 
one image of an area to the rear of the refuse vehicle on the display when the 
transmission of the refuse vehicle is in reverse and/or when the refuse vehicle is 
moving in reverse. 

[0016] According to another exemplary embodiment, a refuse vehicle 
comprises a control system. The control system comprises a plurality of input 
devices, a plurality of output devices, a plurality of microprocessor based 
interface modules, and a communication network. The plurality of input devices 
includes an emergency stop. The plurality of interface modules are 
interconnected to each other by way of the communication network. Each of 
the plurality of interface modules is coupled to respective ones of the plurality of 
input devices and the plurality of output devices. The plurality of interface 
modules storing I/O status information for the plurality of input devices and the 
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plurality of output devices. The control system is configured to disable the 
plurality of output devices when the emergency stop is activated. 
[0017] According to another exemplary embodiment, a method for controlling 
a refuse vehicle comprises disabling a plurality of output devices of the refuse 
vehicle when a transmission of the refuse vehicle is in gear, enabling the 
plurality of output devices when a brake of the refuse vehicle is engaged, 
disabling the plurality of output devices when the brake pedal is disengaged, All 
three steps are performed by a control system that comprises a plurality of 
microprocessor based interface modules. The plurality of interface modules are 
interconnected by way of a communication network. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Fig. 1 is a rear perspective view of a refuse vehicle according to an 
exemplary embodiment. 

[0019] Fig. 2 is a control system for a refuse vehicle according to an 
exemplary embodiment. 

[0020] Fig. 3. is a diagram of a process for controlling a refuse vehicle 
according to an exemplary embodiment. 

[0021] Figs. 4-14 are diagrams of exemplary embodiments of processes for 
controlling a refuse vehicle. 

DETAILED DESCRIPTION 

[0022] Referring to Fig. 1 , an exemplary embodiment of a refuse vehicle 10 is 
illustrated. As an overview, refuse vehicle 10 includes a chassis and a body 
mounted on the chassis. Consistent with its plain and ordinary meaning, the 
term "chassis" is used herein to refer to the combination of components of a 
refuse vehicle that function to move the refuse vehicle along a road (e.g., drive 
train, engine, transmission, drive axles, wheels, frame, etc.). Also consistent 
with its plain and ordinary meaning, the term "body" is used herein to refer to 
the components of a refuse vehicle that are not considered part of the chassis. 
This generally includes, but is not limited to, refuse handling devices (e.g., 
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refuse loader, refuse container, refuse compactor, refuse push-out plate, other 
devices and systems that function to collect and handle refuse, etc.), etc. 
[0023] Refuse vehicle 1 0 includes an operator compartment 116 that further 
includes steering, throttle, and transmission controls for receiving operator 
inputs to control the movement of refuse vehicle 10 along a road. These 
controls may include a clutch pedal, a brake pedal, transmission shifter, steering 
wheel, accelerator, etc. Refuse vehicle 10 may include a manual, automatic, 
hydrostatic, or hybrid (e.g., operator maneuvers a gear shifter but does not need 
to press the clutch, etc.) transmission. 

[0024] Refuse vehicle 10 is shown in Fig. 1 as a rear loading refuse vehicle. 
However, it should be understood that refuse vehicle 10 may be any of a 
number of refuse vehicles. For example, refuse vehicle 10 may be a side loader, 
front loader, bucket loader, automated side loader, etc. Accordingly, the 
teachings herein do not depend on the exact size, configuration, construction, or 
assembly of refuse vehicle 1 0. 

[0025] In the particular embodiment shown in Fig. 1 , refuse vehicle 10 
includes footboard 1 1 8, refuse container 1 20, hopper 1 22, tailgate 1 24, push- 
out plate (not shown), and compactor 126. Of course, the type and 
configuration of components depends on the particular refuse vehicle that is 
being used. For example, hopper 122 shown in Fig. 1 is at the rear of refuse 
vehicle 10. However, on a front loading refuse vehicle, hopper 122 is 
configured to be above and slightly behind operator compartment 116. 
[0026] The person or persons that load the refuse into hopper 1 22 (or perform 
other tasks) ride on footboard 1 18 as refuse vehicle travels between stops. 
Although refuse vehicle 1 0 depicts footboard 1 1 8 on the tailgate at the rear of 
refuse vehicle 10, footboard 1 18 may also be positioned in any suitable location 
(e.g., directly behind operator compartment 1 16, etc.). 
[0027] Once the refuse is placed in hopper 1 22, compactor 1 26 is used to 
move the refuse into refuse container 1 20 and compact it. When container 1 20 
is full, tailgate 124 is raised and the refuse is pushed out of container 1 20 by 
the push-out plate. The push-out plate is generally configured to be inside 
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container 1 20. When the push-out plate is not in use it is positioned near the 
front wall of container 1 20. 

[0028] In an exemplary embodiment, refuse vehicle 10 includes a control 
system 12, as shown in Fig. 2. By way of overview, the electronic control 
system 12 includes an operator interface 14, a plurality of microprocessor-based 
interface modules 20a - 20d (collectively referred to as interface modules 20), a 
plurality of input devices 30a - 30d (collectively referred to as input devices 
30), a plurality of output devices 40a - 40d (collectively referred to as output 
device 40), a data logger 32, and a plurality of additional vehicle subsystem 
control systems 22, 24, 26, and 28. Operator interface 14 and interface 
modules 20 are coupled to each other by a communication network 50. 
[0029] Control system 12 may be configured in a number of different ways. 
For example, control system 1 2 may be configured to include multiple control 
systems that are coupled together. An example of such a configuration may be 
a refuse vehicle having one control system to control the chassis and another 
control system to control the body. Also, control system 12 may be configured 
to include multiple nested control systems so that control system 12 may 
include a smaller control system that forms a part of the overall control system 
12. Thus, it should be understood that the particular configuration of control 
system 1 2 shown in Fig. 2 is only one of many possible embodiments. 
[0030] As mentioned above, refuse vehicle 10 may be any of a number of 
refuse vehicles that are capable of using and benefiting from control system 1 2 
as disclosed herein. While the general diagram of refuse vehicle 10 in Fig. 1 is 
of a rear loader, the vehicle 1 0 may also be another type of refuse vehicle. The 
advantages of control system 1 2, which are described using the example of 
refuse vehicle 10, may apply equally to a vast array of other refuse vehicles. 
Thus, embodiments and examples of control system 1 2 described in the context 
of a rear loading refuse vehicle are equally applicable to other refuse vehicles 
such as front loaders, side loaders, etc. 

[0031] Referring to Fig. 2, in an exemplary embodiment, interface modules 20 
are microprocessor-based and include a plurality of analog and/or digital inputs 

7 



WO 2005/030614 



PCT/US2004/031253 



and outputs which are coupled to and communicate with input and output 
devices 30 and 40, respectively. In general, in order to minimize wiring, the 
interface modules 20 are placed close to input devices 30, from which status 
information is received, and output devices 40 that are controlled. In one 
embodiment, interface modules 20 are coupled to input and output devices 30 
and 40 via a dedicated communication link, which may simply be a hardwired 
link between an interface module 20 and an input or output device 30 or 40. In 
an alternative embodiment, input or output devices 30 or 40 may be coupled 
directly to communication network 50 and configured to communicate directly 
over communication network 50 to all of the interface modules (e.g., the status 
of the device is broadcast over the network), one interface module (e.g., the 
interface module requested information from the particular input or output 
device 30 or 40), or a subset of interface modules on the network. 
[0032] In an exemplary embodiment, interface modules 20 are identical both 
in software, hardware, and physical dimensions. Thus, interface modules 20 
are physically and functionally interchangeable because they are capable of 
being plugged in at any slot on communication network 50, and are capable of 
performing any functions that are required at that slot. In an alternative 
embodiment, interface modules 20 may be different in software, hardware, 
and/or physical dimensions. Using interface modules 20 with different 
configurations allows the interface modules 20 to be constructed in a manner 
which is more narrowly tailored to the functions performed. 
[0033] In an exemplary embodiment, each of the interface modules 20 stores 
I/O status information for all of the other interface modules 20. In this 
configuration, each interface module has total system awareness. As a result, 
each interface module 20 processes its own inputs and outputs based on the I/O 
status information. The I/O status information may be provided to interface 
modules 20 in a number of ways. For example, in an exemplary embodiment, 
each of interface modules 20 may be configured to broadcast the status of input 
devices 30 over communication network 50 to the other interface modules 20 
at predetermined intervals. In another exemplary embodiment, interface 
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modules 20 may be configured to simultaneously or sequentially broadcast the 
status information to the other interface modules 20. In another exemplary 
embodiment, interface modules 20 may be configured to broadcast the status 
information in response to a change in the state of an input device 30. This 
lessens the amount of traffic over communication network 50. In another 
exemplary embodiment, one interface module 20 may be designated the master 
controller which is configured to control the input and output devices coupled to 
the remaining interface modules 20. In this embodiment, the master controller 
is typically configured to be the only interface module that stores the I/O status 
information. However, in may be desirable for the other interface modules that 
do not function as the master controller to store part (e.g., I/O status 
information related to the devices they control) or all of the I/O status 
information. Of course, any of these embodiments may be combined. For t 
example, each of interface modules 20 may be configured to broadcast at 
predetermined intervals and in response to a change in the state of one of input 
devices 30. 

[0034] In another exemplary embodiment, as mentioned previously, some of 
the input and/or output devices 30 or 40 may be coupled directly to 
communication network 50. In this configuration, the input devices 30 may 
broadcast status information across network 50 to interface modules 20 and 
control signals may be transmitted to output devices 40. Thus, one or more of 
interface modules 20 may be configured to control output devices 40 coupled 
directly to communication network 50. Input and/or output devices 30 or 40 
coupled directly to communication network 50 typically do not store the status 
information broadcast across the network for other I/O devices. However, in an 
alternative embodiment, input and/or output devices 30 or 40 may be 
configured to store the status information broadcast by the other interface 
modules 20 and/or other devices on communication network 50. 
[0035] Communication network 50 may be implemented using an appropriate 
network protocol. In an exemplary embodiment, communication network 50 
uses a network protocol that is in compliance with the Society of Automotive 
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Engineers (SAE) J1 708/1 587 and/or J1 939 standards. However, the particular 
network protocol that is utilized is not critical, although all of the devices on the 
network should be able to communicate effectively and reliably. 
[0036] The transmission medium for communication network 50 may be 
implemented using copper or fiber optic cable or other media. Communication 
network 50 may be configured in a number of ways. For example, in an 
exemplary embodiment, network 50 may be a single network. In another 
exemplary embodiment, network 50 may be comprised of multiple networks 
coupled together. 

[0037] Power is provided to interface modules 20 from a power source by 
way of a power transmission link. The power transmission link may comprise, 
for example, a power line that is routed throughout vehicle 10 to each of 
interface modules 20. Interface modules 20 then distribute the power to output 
devices 40 (e.g., to form the dedicated communication links as previously 
mentioned). This type of distributed power transmission dramatically reduces 
the amount of wiring needed for vehicle 10. In an exemplary embodiment, 
interface modules 20 are configured to provide power outputs to output devices 
40 that are capable of carrying currents no less than approximately 2 amps, 5 
amps, 10 amps, or, desirably, 15 amps. 

[0038] Input devices 30 and output devices 40 are generally located 
throughout vehicle 10. Input and output devices 30 and 40 may be further 
divided according to whether input and output devices 30 and 40 pertain to the 
chassis or the body of vehicle 10. Hereinafter, input and output devices 30 and 
40 pertaining to the body are referred to as body input and output devices (e.g., 
input device that determines whether refuse container 120 is full, output device 
that actuates the refuse loader, etc.) and input and output devices 30 and 40 
pertaining to the chassis are referred to as chassis input and output devices 
(e.g., input device that measures the speed of vehicle 10, output device that 
controls the state of the transmission, etc.). Input and output devices 30 and 
40 are used to perform various operations (e.g., body operations such as loading 
refuse, chassis operations such as the cruise control, etc.). 
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[0039] Input and output devices 30 and 40 may be any of a number of 
devices that are conventionally used to receive inputs and control outputs. In 
an exemplary embodiment, input devices 30 include devices that provide inputs 
used to control output devices 40. Also, input devices 30 may include devices 
that provide status information pertaining to vehicle parameters that are not 
used to control output devices 40 but may be used for other purposes (e.g., 
diagnosing faults in vehicle 1 0, generating reports regarding utilization of vehicle 
10, inform operator of status of a device, etc.). The type and configuration of 
input and output devices 30 and 40 is not critical and will depend on the type of 
vehicle. 

[0040] Operator interface 14 shown in Fig. 1 includes a display 16 and a 
keypad 1 8. However, operator interface 1 4 may include any of a number of 
components that are used by the operator to interface with control system 12. 
In one embodiment, operator interface 14 includes one or more devices that are 
used to communicate information to the operator (e.g., display 16, LEDs, etc.) 
and one or more devices that the operator uses to communicate information to 
control system 12 (e.g., keypad 18, joystick, buttons, switches, etc.). In this 
manner, the operator is able to easily determine the status of input and output 
devices 30 and 40, and, thus, to control output devices 40, as well as other 
control systems and devices that are coupled to communication network 50. In 
an exemplary embodiment, operator interface 14 may include a microprocessor 
and memory so the operator can customize operator interface 14. 
[0041] As shown in Fig, 2 and mentioned previously, operator interface 14 
includes display 16 that is used to communicate, and, in particular, to display 
information to the operator. Display 1 6 may be one of a number of various 
types of displays such as an LCD display, alpha-numeric display, touch screen 
display, SVGA monitor, etc. Display 1 6 may also include memory and a 
microprocessor, which may serve as the memory and microprocessor for 
operator interface 14 or may be provided in addition to any memory or a 
microprocessor that operator interface 14 may otherwise include. Display 16 
may be configured to provide instructions to the operator for performing various 
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operations such as diagnostics, calibrating vehicle parameters, etc. For 
example, display 16 may be used to' prompt the operator to enter information 
using keypad 18, buttons or other input device, or to take certain actions with 
respect to vehicle 10 during operation or testing (e.g., bring the engine to a 
specified RPM level). Display 16 may also be used to display a menu or series 
of menus to allow the operator to select an operation to perform, obtain 
information relating to the status of a particular input device 30 or output device 
40, etc. Display 16 may also be used to display status information during 
system startup and during operation, and to display any error messages that 
may arise. Display 1 6 is also used to display input data and fault mode 
indicators from subsystem control systems 22, 24, 26, and 28, and any other 
information from additional vehicle subsystems. Display 1 6 is also capable of 
displaying graphics of various mechanical systems of refuse vehicle 10 so that 
the operator can easily ascertain the position or status of the particular vehicle 
component(s) (e.g., refuse loader, compactor, etc). 

[0042] Operator interface 1 4 includes keypad 18, which is used to accept or 
receive operator inputs. For example, keypad 1 8 is used to allow the operator 
to scroll through and otherwise navigate menus displayed by display 16 (e.g., 
menus depicting the status of input devices 30 and output devices 40), and to 
select menu items from those menus. 

[0043] In an exemplary embodiment, operator interface 14 is semi- 
permanently mounted with equipment service vehicle 10. By semi-permanently 
mounted, it is meant that the operator interface 14 is mounted within the 
vehicle 10 in a manner that is sufficiently rugged to withstand normal operation 
of the vehicle for extended periods of time (at least days or weeks) and still 
remain operational. However, that is not to say that operator interface 14 is 
mounted such that it can never be removed without significantly degrading the 
structural integrity of the mounting structure employed to mount operator 
interface 14 to the remainder of refuse vehicle 10. Operator interface 14 is 
desirably mounted in an operator compartment of vehicle 10, for example, in a 
recessed compartment within the operator compartment or on an operator panel 
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provided on the dashboard. Also, while Fig. 2 shows one operator interface 14, 
it should be understood that other operator interfaces 14 may also be included 
as part of refuse vehicle 10. In one embodiment, another operator interface 14 
may be positioned at the rear or side of refuse vehicle 10 so that a person on 
the outside of the refuse vehicle can observe it. 

[0044] In an exemplary embodiment, operator interface 14 is configured to be 
an intelligent display module. By intelligent display module it is meant that 
operator interface is configured to include software and/or hardware so that it is 
capable of being coupled directly to communication network 50 without the use 
of one of interface modules 20. In another embodiment, operator interface may 
be configured to be coupled to communication network 50 by way of one of 
interface modules 20, 

[0045] Referring again to Fig. 2, the various blocks depicting interface 
modules 20, input devices 30, output devices 40, operator interface 14, etc. 
refer to various functions incorporated into control system 1 2 that may be 
implemented as physically separate units, physically integrated units, or a 
combination of both. For example, data logger 32 and operator interface 14 
may be physically combined in one housing that performs the same function of 
both data logger 32 and operator interface 14. In another embodiment, a 
particular input device 30 or output device 40 may be integrated physically with 
an interface module 20 so that the resulting combination functions in a manner 
that is similar to a configuration where the devices are separate yet still coupled 
together. 

[0046] Subsystem control systems 22, 24, 26, and 28 may also be included 
as part of control system 12. In an exemplary embodiment depicted in Fig. 2, 
the subsystem control systems include an antilock brake control system 22, an 
engine control system 24, a central tire inflation control system 26, and 
transmission control system 28. Each of these is also included as part of 
control system 1 2. In another embodiment, control system 1 2 may include 
various additional subsystem control systems in a number of configurations. 
The subsystem control systems 22, 24, 26, and 28 may be coupled directly to 
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the communication network 50 of control system 12, as shown in Fig. 2, 
Alternatively, subsystem control systems 22, 24, 26, and 28 may be coupled to 
one or more interface modules 20, which are coupled to communication 
network 50. In practice, some or all of subsystem control systems 22, 24, 26, 
and 28 are likely to be purchased as off-the-shelf systems. As a result, it is 
likely that subsystem control systems 22, 24, 26, and 28 will use a variety of 
different communication protocols that may need to be converted to the 
protocol used by communication network 50. If subsystem control systems 22, 
24, 26, and 28 are coupled to communication network 50 using one or more 
interface modules 20, then interface modules 20 may be used to facilitate 
communication between network 50 and subsystem control systems 22, 24, 
26, and 28 (e.g., one or more of the interface modules 20 may be coupled to 
multiple networks). 

[0047] In general, subsystem control systems 22, 24, 26, and 28 each 
include an electronic control module (ECU) as well as input and/or output 
devices. The ECU typically includes a microprocessor that receives signal inputs 
and outputs related to the component controlled by the particular subsystem 
control system (e.g., engine, transmission, etc.). Subsystem control systems 
22, 24, 26, and 28 communicate to each other using protocols such as SAE 
J1939, J1587, and/or J1 708. 

[0048] By connecting subsystem control systems 22, 24, 26, and 28 to 
control system 12, an array of additional input and output status information 
becomes available. For example, for the engine, this allows the control system 
1 2 to obtain I/O status information pertaining to engine speed, engine hours, oil 
temperature, oil pressure, oil level, coolant level, fuel level, and so on. For the 
transmission, this allows control system 12 to obtain, for example, information 
pertaining to transmission temperature, transmission fluid level and/or 
transmission state (e.g., 1st gear, 2nd gear, and so on). Assuming that an off- 
the-shelf engine or transmission control system is used, the information that is 
available depends on the manufacturer of the system and the information that 
they have chosen to make available. Using this information, control system 12 
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may be configured in a variety of ways to provide a number of advantageous 
features. 

[0049] In an exemplary embodiment, control system 12 is configured to 
control the revolutions per minute (RPM) of the power takeoff. Typically this is 
done by controlling the RPM of the engine. When more power is needed at the 
power takeoff, control system 1 2 increases the RPM of the engine. 
[0050] Referring to Figs. 3-1 4, a number of processes are shown that are 
controlled by control system 12. In general, control system 12 monitors the 
status of various input and output devices 30 and 40 as well as information 
received from the ECU's of subsystem control systems 22, 24, 26, and 28 to 
determine whether certain operations are allowed to proceed and/or output 
devices 40 are allowed to be actuated. Once an operation is initiated or an 
output device 40 is actuated, control system 12 is configured to monitor the 
status information for any changes and, if there are any changes, determine 
whether the operation should be allowed to finish or whether it should be 
stopped immediately. 

[0051] Referring to Fig. 3, a diagram is shown of an exemplary embodiment 
of a process for controlling refuse vehicle 10. In this embodiment, control 
system 12 is configured to enable or disable the body of vehicle 10 depending 
on the status of the transmission, brakes, and/or clutch. This configuration, for 
example, may be desirable to prevent body operations (e.g., refuse handling 
operations, etc.) from being performed and/or body output devices from being 
actuated in an undesirable manner. For example, when control system 12 
receives an input that increased power is needed at the power takeoff, control 
system 1 2 may be configured to initially determine whether the transmission is 
in gear before responding to the request. If the transmission is in gear, control 
system 1 2 delays increasing the engine RPM to provide the necessary power 
until the transmission is not in gear or some other condition is met (e.g., the 
clutch is disengaged). This prevents refuse vehicle 10 from suddenly 
accelerating in response to a signal for increased RPM at the power takeoff. 
Also, by monitoring the status of the transmission and controlling the body 
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accordingly, control system 12 can disable the body when, for example, the 
vehicle is traveling down a road, thus preventing undesirable movement of the 
body (e.g., tailgate opening and striking an overhead line, side loader arm 
extending and striking an object, etc.). In general, a reference to enabling or 
disabling the body refers to enabling or disabling one or more output devices 
and/or body operations. Each step in the process shown in Fig. 3 is described in 
greater detail below. In practice, Fig. 3 may also be performed with a single 
decision step implemented as a Boolean logic equation. 

[0052] At step 200, control system 1 2 receives input from the operator. The 
input may be in the form of a command to perform a body operation (e.g., load 
refuse into refuse vehicle 10, etc.), actuate a body output device, etc. The 
operator uses operator interface 14 to input the command into control system 
1 2. Control system 1 2 acts on the command by following the steps shown in 
Fig. 3 to determine whether to execute the command. In the event that the 
command is not executed, a notification is displayed to the operator explaining 
why the command was not executed (e.g., transmission in gear, etc.) 
[0053] At step 202, control system 1 2 determines whether the transmission 
is in gear. In an exemplary embodiment, the status of the transmission is 
provided by transmission control system 28. In one embodiment, the status of 
the transmission is periodically broadcast over network 50 so that it is stored in 
memory at each of the interface modules 20. Of course, status information for 
the transmission may be obtained in any of the ways described above (e.g., the 
status of the transmission is requested from the transmission electronic control 
unit (ECU). Typically, a manual transmission is not in gear when it is in neutral, 
and an automatic transmission is not in gear when it is in park or neutral. If the 
transmission is not in gear then control system 1 2 enables the body of vehicle 
10, as shown at step 210. 

[0054] Typically, at step 210, all of the devices and/or operations associated 
with the body of refuse vehicle 10 are enabled. , However, in other 
embodiments, only certain operations and/or devices are enabled when the 
transmission is not in gear.' f 

16 



WO 2005/030614 



PCT/US2004/031253 



[0055] At step 204, control system 1 2 determines whether the brakes are 
engaged. In an exemplary embodiment, control system 12 is configured to 
determine whether the brakes are engaged by monitoring the position of the 
brake pedal (e.g., determine if brakes are engaged by whether it has been 
depressed). For example, a sensor that is coupled to one of interface modules 
20 may be used to determine the position of the brake pedal. In another 
example, the ECU from anti-lock brake control system 22 may provide 
information about the position of the brake pedal. In another exemplary 
embodiment, control system 1 2 is configured to monitor the brake assembly to 
determine whether the brake pads are in contact with the rotors. Again, a 
sensor that is coupled to one of interface modules 20 may be used to monitor 
the position of the brake pads and/or brake master cylinder to determine if the 
brake pads have contacted the rotors. 

[0056] If the transmission is in gear and the brakes are engaged, then the 
devices and operations associated with the body of refuse vehicle 10 are 
enabled, as shown by step 210. Accordingly, if the operator of vehicle 10 
desires to perform a refuse handling operation such as loading refuse (e.g., with 
a rear loader, an automatic cart tipper may be used) while the transmission is in 
gear (e.g., while traveling along a road collecting refuse, etc.), the operator can 
simply press on the brake, thus, allowing the refuse handling operation to 
proceed. This configuration may be particularly suitable for use with an 
automatic transmission. 

[0057] At step 206, control system 1 2 determines whether the clutch is 
engaged. In general, the clutch is engaged when power from the engine is 
transferred to the transmission and wheels so that vehicle 10 can move along a 
road. In an exemplary embodiment, control system 1 2 is configured to 
determine whether the clutch is engaged by monitoring the position of a clutch 
pedal (e.g., determine if clutch is engaged by whether the clutch pedal is 
depressed). In another exemplary embodiment, control system 12 may be 
configured to monitor the position of the clutch to determine whether it is 
engaged with the flywheel. In another exemplary embodiment, control system 
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12 may be configured to monitor the position of the forks that control the 
position of the clutch. 

[0058] If the clutch is not engaged, then the devices and/or refuse handling 
operations associated with the body of vehicle 10 are enabled, as shown by 
step 21 0. If the clutch is engaged, then the devices and/or refuse handling 
operations associated with the body of vehicle 1 0 are disabled, as shown by 
step 208. 

[0059] Although, Fig. 3 shows the body of refuse vehicle 10 being enabled 
when either the clutch is disengaged and/or the brake is engaged, other 
configurations may also be used. For example, in another exemplary 
embodiment, control system 1 2 may be configured to monitor the status of only 
the brakes or only the clutch and control the body of refuse vehicle 1 0 
accordingly. For example, control system 1 2 may be configured to enable the 
body only if the clutch is disengaged or only when the brake is engaged. 
[0060] In another exemplary embodiment, as shown in Fig. 4, control system 
12 may be configured so that when the transmission is in gear, the body 
devices and/or operations are enabled, as shown in step 210, only if both the 
brake is engaged and the clutch is disengaged. If either the brake is disengaged 
or the clutch is engaged, then the body^ is disabled. 

[0061] Although the embodiments described in conjunction with Figs. 3 and 4 
are particularly suitable for use with a manual transmission, these embodiments 
may also be used in conjunction with an automatic or other type of transmission 
as may be applicable. For example, in another exemplary embodiment where 
refuse vehicle 10 comprises an automatic transmission, control system 12 is 
configured to monitor the status of the brakes. If the brakes are engaged then 
the body devices and/or operations of refuse vehicle 10 are enabled, and, if the 
brakes are disengaged then the body devices and/or operations are disabled. 
[0062] Referring to Fig. 5, an exemplary embodiment of a process for 
controlling refuse vehicle 10 is shown. The process shown in Fig, 5 is similar to 
that shown in Fig. 4 except that in Fig. 5, control system 12 is configured to 
move the transmission in and out of gear as the body is disabled and enabled, 
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respectively. Also, the process shown in Fig. 5 is configured to enable the body 
and thus move the transmission in and out of gear only when the brakes are 
engaged and the speed of vehicle 10 has not exceeded a threshold speed. Each 
step in the process is described in more detail below. 

[0063] As shown in Fig. 5, at step 202, if the transmission is in gear, then 
control system 1 2 is configured to determine whether the brake is engaged at 
step 204. If the brake is engaged, then control system 12 is configured to 
determine whether the speed of refuse vehicle 1 0 has exceeded a threshold 
speed as shown by step 212. The speed of the vehicle is information that may 
be communicated from an input device 30 or from the ECU of engine control 
system 24 to the remainder of control system 1 2. If the speed of vehicle 10 is 
above the threshold speed, then the body is disabled. If the speed of vehicle 10 
is below the threshold speed, then control system 1 2 moves the transmission 
out of gear and enables the body as shown by steps 214 and 210. 
[0064] Once the body is enabled, control system 1 2 continues to monitor the 
brakes and the speed of the vehicle, as shown by steps 204 and 212. If either 
the brakes are disengaged or the speed of the vehicle increases so that it is 
above the threshold speed, then the body is disabled as shown by steps 208. 
Once the brakes are disengaged, then control system 12 is configured to move 
the transmission back into gear as shown by step 216. The process then 
repeats itself again. 

[0065] The configuration shown in Fig. 5 allows an operator to travel down a 
road and collect refuse without performing an excessive number of shifting 
operations. For example, as the operator approaches a refuse bin, the operator 
engages the brakes. Once, the vehicle's speed slows so that it is below the 
threshold speed then control system 1 2 moves the transmission out of gear 
(e.g., moves the transmission into neutral). The operator continues to engage 
the brakes by pressing on the brake pedal. As soon as the operator disengages 
the brakes then control system 12 is configured to move the transmission back 
into gear.. In an exemplary embodiment, control system 1 2 shifts gears in the 
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transmission by sending commands to the ECU in transmission control system 
28. 

[0066] The process depicted in connection with Fig. 5 is particularly suitable 
for automatic transmissions because automatic transmissions are typically easier 
to move in and out of gear and can be done so electronically without operator 
input. The transmission gear shifter may be moved into and out of gear using 
any of a number of suitable devices, which may include, but should not be 
limited to hydraulic, electric, and pneumatic actuators. However, manual 
transmissions and other transmissions may also be controlled according to the 
process depicted by Fig. 5. 

[0067] The threshold speed referred to in step 212 and 21 2 is between 
approximately 2 kilometers per hour and approximately 20 kilometers per hour, 
desirably, between approximately 4 kilometers per hour and approximately 8 
kilometers per hour, or, suitably, approximately 5 kilometers per hour. 
[0068] The process shown in Fig. 5 may be modified in a number of ways 
according to other exemplary embodiments. For example, in one exemplary 
embodiment, control system 1 2 may be configured to perform only those steps 
up to where the transmission is moved out of gear and the body is enabled, 
steps 214 and 210. In this embodiment, the operator of the vehicle is 
responsible to move the transmission back into gear after disengaging the 
brakes. 

[0069] Referring to Fig. 6, another exemplary embodiment for controlling 
refuse vehicle 10 is shown. In general, this embodiment allows an operation 
that is initiated when the body is enabled to be completed when the body would 
otherwise be disabled. Each step in the process is described in further detail 
below. 

[0070] At step 202, control system 1 2 determines whether the transmission 
is in gear. If the transmission is not in gear, then the body is enabled as shown 
by step 210. At step 220, control system 1 2 initiates an operation of the body. 
While control system 12 is controlling the operation, it is also continually 
monitoring the status of the transmission. When the transmission is shifted into 
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gear, control system 12 determines whether an operation remains to be 
completed. If there is not an incomplete operation, then control system 12 
simply disables the body as shown by step 208. If, however, there is an 
incomplete operation, control system 12 disables the output devices and/or 
operations associated with the body except for those needed to complete the 
operation as shown at step 224. At step 226, control system 12 completes the 
operation. After completion, the body is disabled as shown by step 208. 
[0071] In another exemplary embodiment, the process depicted in Fig. 6 may 
be altered so that only selected operations can be completed when the 
transmission is in gear. For example, if the operation is loading refuse into a 
refuse vehicle 10 with a front refuse loader then control system 12 may be 
configured to determine the position of the refuse loader and only allow the 
operation to be completed if the refuse loader is beyond a set position. The set 
position may correspond to a position where the refuse loader extends above 
the refuse vehicle (e.g., the forks are positioned above the refuse vehicle with a 
refuse bin positioned thereon). In this situation, it is typically desirable to allow 
the operation to be completed so that the refuse loader is not disabled in a 
position where it might strike overhead objects such as tree branches and power 
lines. However, if the refuse loader has just begun the refuse loading operation, 
then it may be desirable to disable the refuse loader until the transmission is out 
of gear, or until some other condition is met (e.g., transmission is in gear and 
brakes are engaged, transmission is in gear and clutch is disengaged, etc.). 
[0072] Of course, a number of modifications may be made to the process 
shown in Fig. 6. For example, steps 204 and 206 from Figs. 3 may be added 
immediately after step 202 in Fig. 6. In this example, an operation may be 
initiated even when the transmission is in gear as long as either the brakes are 
engaged or the clutch is disengaged. Also, the principles described in 
connection with Figs. 4 and 5 may also apply. For example, in another 
embodiment, an operation may be initiated when the transmission is in gear as 
long as the brakes are engaged and the vehicle's speed is not above a certain 

speed. In short, many of the principles discussed in relation to one embodiment 
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may be combined with the embodiment shown in Fig. 6 or any other suitable 
embodiment unless noted otherwise. 

[0073] Referring to Fig. 7, an exemplary embodiment is shown of a process 
for controlling refuse vehicle 10. This embodiment is similar to that shown in 
Fig. 6. In the process shown in Fig. 7, control system 12 is configured to 
monitor the status of the transmission at step 202 and the status of the clutch 
at step 206. The body is enabled at step 210 if either the transmission is not in 
gear or the transmission is in gear and the clutch is not engaged. Once the 
body is enabled, control system 1 2 initiates an operation. Control system 1 2 
continually monitors the state of the transmission and clutch. Once the 
transmission is in gear and the clutch is engaged, then control system 1 2 
determines whether there is a pending operation that needs to be completed at 
step 222. If there is not an incomplete operation, then the body is disabled at 
step 208. If there is an incomplete operation, then control system 12 
determines whether the speed of vehicle 10 is over a threshold speed at step 
212. If the speed of the vehicle is over the threshold speed, then control 
system 1 2 disables the body at step 208. If the speed is not over the threshold 
speed, then control system 12 is configured to disable the body devices and 
operations with the exception of those that are needed to complete the 
operation as shown by step 224. At step 226, the operation is completed and, 
at step 208, the body is disabled. 

[0074] In an exemplary embodiment, the threshold speed referred to in step 
212 is between approximately 2 kilometers per hour and approximately 20 
kilometers per hour, desirably, between approximately 4 kilometers per hour and 
approximately 8 kilometers per hour, suitably, approximately 5 kilometers per 
hour. Of course the threshold speed may be varied depending on the nature of 
the incomplete operation. For example, for one operation, the threshold speed 
may be approximately 50 kilometers per hour, and, for another operation, the 
threshold speed may be approximately 30 kilometers per hour. 
[0075] Referring to Fig. 8, another exemplary embodiment of a process for 
controlling refuse vehicle is shown. In this embodiment, control system 12 is 
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generally configured to disable the body when refuse vehicle 10 is moving and 
enable the body when refuse vehicle 10 is not moving. If an operation is 
initiated when refuse vehicle 10 is not moving, the operation may be continued 
as long as refuse vehicle 10 is not moving in reverse. The process is described 
in further detail below. 

[0076] At step 228, control system 12 determines whether refuse vehicle 10 
is moving. If refuse vehicle 10 is not moving then the body is enabled at step 
210. When the body is enabled, control system 12 initiates an operation of the 
body. Control system 1 2 is configured to continually or periodically monitor the 
movement of refuse vehicle 10. Once refuse vehicle 1 O begins to move, control 
system 12 determines whether one or more operations remain to be completed 
at step 222. If there are no operations to be completed then the body is 
disabled at step 208. However, if there is at least one incomplete operation, 
then, at step 230, control system 12 determines whether refuse vehicle 10 is 
moving in reverse. If it is moving in reverse, then control system 12 disables 
the body at step 208. If it is not moving in reverse, then control system 12 . 
only disables those devices and operations that are not associated with the 
incomplete operation, as shown by step 224. The operation is completed at 
step 226 and the. body is disabled at step 208. 

[0077] The process depicted in Fig. 8 may be altered in a variety of ways. 
For example, in one exemplary embodiment, control system 1 2 may be 
configured to monitor the status of the transmission at steps 228 and 230. 
Step 228 in this embodiment would then be similar to step 202 shown in Fig. 6. 
At step 230, control system 12 would determine whether the transmission is in 
reverse rather than monitoring whether refuse vehicle 1 0 is moving in reverse. 
In another exemplary embodiment control system 12 may be configured to 
monitor whether a person is standing on footboard 1 1 8 before allowing an 
incomplete operation to be completed- This step may replace step 230 in Fig. 8 
or may be added before or after step 230, or, for that matter, the step may be 
added at any suitable location in the process of Fig. 8. 
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[0078] Referring to Fig. 9, an exemplary embodiment of a process for 
controlling refuse vehicle 10 is shown. In general, this process allows all or 
selected body devices and operations to be enabled or disabled depending on 
the speed of refuse vehicle 10. In an exemplary embodiment, multiple body 
devices and/or operations are configured to be disabled and enabled based on a 
threshold speed corresponding to each device and/or operation. 
[0079] At step 21 2, control system 12 is configured to determine whether 
the speed of refuse vehicle 10 is over a threshold speed. If the speed of refuse 
vehicle 10 is over the threshold speed, then the body is disabled at step 208. If 
the speed of refuse vehicle 10 is not over the threshold speed, then the body is 
enabled at step 210. In an exemplary embodiment, the threshold speed is 
between approximately 2 kilometers per hour and approximately 20 kilometers 
per hour or, desirably, between approximately 4 kilometers per hour and 
approximately 8 kilometers per hour or, suitably, approximately 5 kilometers per 
hour. In another embodiment, the threshold speed is between approximately 20 
kilometers per hour and approximately 50 kilometers per hour or, desirably, 
approximately 30 kilometers per hour. 

[0080] Referring to Fig. 10, an exemplary embodiment of a process for 
controlling refuse vehicle 10 is shown. In general, control system 12 is 
configured to control refuse vehicle 10 based on whether a person is positioned 
on a footboard 118. This is desirable to prevent certain operations and/or 
vehicle movements that may potentially harm the person. 
[0081] At step 232, control system 12 determines whether a person is 
positioned on footboard 118. If no one is positioned on footboard 1 1 8, then 
refuse vehicle 10 is fully operational as shown by step 234. Of course, in other 
embodiments, control system 1 2 may be configured so that certain operations 
are only available if a person is positioned on footboard 118. If a person is 
positioned on footboard 1 18, control system 12 prevents refuse vehicle 10 from 
exceeding a threshold speed at step 236 and prevents refuse vehicle 10 from 
moving in reverse at step 238. Control system 1 2 also disables the body at 
step 208. 
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[0082] In an exemplary embodiment, the threshold speed referred to in step 
236 is between approximately 15 kilometers per hour and approximately 40 
kilometers per hour, desirably, between approximately 25 kilometers per hour 
and approximately 35 kilometers per hour, or, suitably, is approximately 30 
kilometers per hour. 

[0083] In other exemplary embodiments, control system 12 may be 
configured to perform only one or any combination of steps 236, 238, and 208. 
Also, control system 1 2 may be configured to enable and/or disable various 
combinations of devices and/or operations of refuse vehicle 10 (e.g., various 
combinations of body devices and operations as well as various combinations of 
chassis devices and/or operations). 

[0084] Referring to Fig. 1 1, an exemplary embodiment of a process for 
controlling a hydraulic system for refuse vehicle 1 0 is shown. In general, the 
process shown in Fig. 1 1 may be used to prevent the undesirable effects that 
may occur when the hydraulic oil is low such as increased pump wear, adverse 
interactions of the components of refuse vehicle 10 (e.g., two components no 
longer move in sequence because one is no longer receiving hydraulic oil causing 
them to collide, etc.), etc. 

[0085] At step 240, control system 12 is configured to determine whether 
the oil level is low (e.g., below a set point). If the oil level is not low, then the 
hydraulic system of refuse vehicle 10 is enabled at step 242. If the oil level is 
low, control system 12 displays a low oil level indicator on display 16, as shown 
in step 244. At this point, the hydraulic system is still enabled. However, at 
step 246, the control system 1 2 determines how long the oil level has been 
low. If the oil level has been low for longer than a threshold time, then control 
system 12 disables the hydraulic system at step 248, which typically involves 
moving the hydraulic devices to a fully retracted position. Once shutdown is 
complete, control system 12 is configured to disable further operation of the 
hydraulic system at step 248 until more oil is provided . 

[0086] The threshold time that must expire between initially determining that 
the oil level is low and the shutdown procedure is between approximately 1 
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second and approximately 10 seconds or, desirably, is approximately 2 seconds. 
In another embodiment, the set time is between approximately 50 seconds and 
approximately 90 seconds or, desirably, is approximately 70 seconds. 
[0087] Referring to Fig. 12, an exemplary embodiment of a process for 
controlling refuse vehicle 10 is shown. In general, control system 12 is 
configured to disable the body and display an image of an area to the rear of 
refuse vehicle 1 0 when refuse vehicle 1 0 is moving in reverse - Each step is 
described in more detail below. 

[0088] At step 230, control system 1 2 is configured to determine whether 
refuse vehicle 1 0 is moving in reverse. If it is not moving in reverse, then the 
body is enabled, as shown by step 210. If refuse vehicle 10 is moving in 
reverse, then control system 12 disables the body at step 208, and displays an 
image of the area to the rear of refuse vehicle 10 on display 1 6, as shown by 
step 250. The image is provided by a camera mounted to a rear portion of 
refuse vehicle 1 0. 

[0089] In an exemplary embodiment, the image displayed on display 16 is a 
video image. In another exemplary embodiment, the image is a still image. The 
still image may be updated periodically or may only be updated when there is an 
event that requires the image to be displayed (e.g., putting transmission in 
reverse, moving in reverse, etc.). In another exemplary embodiment, control 
system 12 may be configured to monitor whether the transmission is positioned 
in reverse instead of monitoring whether the vehicle is moving in reverse as 
shown by step 230. Other configurations may also be used. 
[0090] Referring to Fig. 13, an exemplary embodiment of a process for 
controlling refuse vehicle 1 0 is shown. At step 252, control system 1 2 . 
determines whether the transmission is in reverse. If the transmission is not in 
reverse then refuse vehicle 10 is fully enabled. At step 232, control system 12 
determines whether a person is positioned on footboard 118. If a person is 
positioned on footboard 1 18, control system 12 is configured to disable the 
body and shut down the engine, as shown at step 254. If a person is not 
positioned on footboard 1 18, control system 12 is configured to disable the 
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body, shown at step 208, and display the area to the rear of refuse vehicle 10 
on display 1 6, as shown at step 250. 

[0091] In another exemplary embodiment, control system 1 2 may be 
configured to perform the process shown in Figure 1 3 without displaying the 
area to the rear of refuse vehicle 10. Also, a number of other desirable 
configurations may used. 

[0092] Referring to Fig. 14, an exemplary embodiment of a process for 
controlling refuse vehicle 10 is shown. At step 258, control system 12 
determines whether a refuse handling device is in a working position. If the 
refuse handling device is not in a working position then refuse vehicle 10 is fully 
enabled, as shown at step 234. If the refuse handling device is in a working 
position, then control system 1 2 disables refuse vehicle 1 O from exceeding a 
threshold speed, as shown at step 236. In an exemplary embodiment, the 
refuse handling device is a refuse loader. In other embodiments, the refuse 
handling device may be a compactor or any other suitable device. In an 
exemplary embodiment, the threshold speed is between approximately 15 
kilometers per hour and approximately 40 kilometers per hour, desirably, 
between approximately 25 kilometers per hour and approximately 35 kilometers 
per hour, or, suitably, is approximately 30 kilometers per hour. 
[0093] As utilized herein, the terms "approximately," "about," "substantially," 
and similar terms are intended to have a broad meaning in harmony with the 
common and accepted usage by those of ordinary skill in the art to which the 
subject matter of this disclosure pertains. It should be understood by those of 
skill in the art that these terms are intended to allow a description of certain 
features described and claimed without restricting the scope of these features to 
the precise numerical ranges, etc. provided. Accordingly, these terms should be 
interpreted as indicating that insubstantial or inconsequential modifications or 
alterations of the subject matter described and claimed are considered to be 
within the scope of the invention as recited in the appended claims. 
[0094] The construction and arrangement of the elements of the refuse 
vehicles and control systems as shown in the exemplary embodiments are 
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illustrative only. Although only a few embodiments of the present inventions 
have been described in detail in this disclosure, those skilled in the art who 
review this disclosure will readily appreciate that many modifications are 
possible without materially departing from the novel teachings and advantages 
of the subject matter recited in the claims. Accordingly, all such modifications 
are intended to be included within the scope of the present invention as defined 
in the appended claims. The order or sequence of any process or method steps 
may be varied or re-sequenced according to any of the exemplary embodiments. 
Other substitutions, modifications, changes and omissions may be made in the 
design, operating conditions and arrangement of the various exemplary 
embodiments without departing from the scope of the present invention as 
expressed in the appended claims. 
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WHAT IS CLAIMED IS: 

1 . A refuse vehicle comprising: 
a transmission; and 

a control system which comprises: , 

a plurality of microprocessor based interface modules; 
a communication network configured to interconnect the 
plurality of interface modules; and 

at least one output device; 
wherein the control system is configured to disable the output 
device when the transmission is in gear. 

2. The refuse vehicle of claim 1 wherein the control system is 
configured to, when the transmission is in gear, enable the output device when 
a brake is engaged and/or a clutch is disengaged. 

3. The refuse vehicle of claim 2 wherein the transmission is a manual 
transmission. 

4. The refuse vehicle of claim 1 further comprising: 
a chassis which includes the transmission; and 

a body; 

wherein the output device pertains to the body of the refuse 

vehicle. 

5. The refuse vehicle of claim 1 wherein the output device receives 
power from a power takeoff. 

6. The refuse vehicle of claim 1 wherein the control system is 
configured to enable the output device by moving the transmission out of gear 
when a brake is engaged and the refuse vehicle is not moving faster than a 
threshold speed. 
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7. The refuse vehicle of claim 6 wherein the control system is 
configured to move the transmission into gear when the brake is disengaged. 

8. The refuse vehicle of claim 6 wherein the threshold speed is 
between approximately 2 kilometers per hour and approximately 20 kilometers 
per hour. 

9. The refuse vehicle of claim 8 wherein the threshold speed is 
between approximately 4 kilometers per hour and approximately 8 kilometers 
per hour. 

10. The refuse vehicle of claim 1 wherein the control system is 
configured to disable the output device from being actuated when the 
transmission is in gear, the control system being configured to enable, when the 
transmission is in gear, the output device to complete an operation initiated 
when the transmission was not in gear. 

1 1 . The refuse vehicle of claim 1 0 wherein the operation comprises 
compacting refuse in the refuse vehicle. 

1 2. The refuse vehicle of claim 10 wherein the operation comprises 
loading refuse in the refuse vehicle. 

13. The refuse vehicle of claim 1 wherein the control system further 
comprises: 

a plurality of input-devices; 

a plurality of output devices; and 

a transmission subsystem control system which includes an 
electronic control unit, the transmission subsystem control system being 
configured to include transmission status information; 

wherein each of the plurality of interface modules is coupled to 
respective ones of the plurality of input devices and the plurality of output 
devices; 
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wherein the transmission status information is communicated from 
the transmission subsystem control system to at least one of the plurality of 
interface modules where it is stored. 

14. , A refuse vehicle comprising: 

a control system which comprises: 

a plurality of microprocessor based interface modules; 
a communication network configured to interconnect the 
plurality of interface modules; and 

at least one output device; 
wherein the control system is configured to disable the output 
device when the refuse vehicle reaches a threshold speed. 

1 5. The refuse vehicle of claim 14 wherein the threshold speed is 
between approximately 2 kilometers per hour and approximately 20 kilometers 
per hour. 

1 6. The refuse vehicle of claim 1 5 wherein the threshold speed is 
between approximately 4 kilometers per hour and approximately 10 kilometers 
per hour. 

1 7. The refuse vehicle of claim 1 4 wherein the output device pertains 
to a refuse loader. 

18. The refuse vehicle of claim 14 wherein the output device pertains 
to a refuse compactor. 

1 9. The refuse vehicle of claim 1 4 further comprising: 
a chassis; and 

a body; 

wherein the output device pertains to the body of the refuse 

vehicle. 

20. A refuse vehicle comprising: 
a footboard; and 
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a control system which comprises: 

a plurality of microprocessor based interface modules; 
a communication network configured to interconnect the 
plurality of interface modules; and 

at least one output device; 
wherein the control system is configured to disable the output 
device when a person is positioned on the footboard. 

21 . The refuse vehicle of claim 20 wherein the control system is 
configured to prevent the refuse vehicle from moving faster than a threshold 
speed when a person is positioned on the footboard. 

22. The refuse vehicle of claim 21 wherein the threshold speed is 
between approximately 1 5 kilometers per hour and approximately 40 kilometers 
per hour. 

23. The refuse vehicle of claim 21 wherein the threshold speed is 
between approximately 25 kilometers per hour and approximately 35 kilometers 
per hour. 

24. The refuse vehicle of claim 20 wherein the control system is 
configured to disable a compacter when a person is positioned on the footboard. 

25. The refuse vehicle of claim 20 wherein the control system is 
configured to disable a refuse loader when a person is positioned on the 
footboard. 

26. The refuse vehicle of claim 20 wherein the control system is 
configured to disable the refuse vehicle from moving in reverse when a person is 
positioned on the footboard. 

27. The refuse vehicle of claim 20 wherein the control system is 
configured to disable a tailgate of the refuse vehicle from opening and/or closing 
when a person is positioned on the footboard. 
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The refuse vehicle of claim 20 further comprising: 
a chassis; and 
a body: 

wherein the output device pertains to the body of the refuse 

The refuse vehicle of claim 20 wherein the control system further 

a plurality of input devices; 
a plurality of output devices; and 

a subsystem control system which includes an electronic control 
unit, the subsystem control system being configured to include vehicle speed 
information; 

wherein each of the plurality of interface modules is coupled to 
respective ones of the plurality of input devices and the plurality of output 
devices; 

wherein the vehicle speed information is communicated from the 
subsystem control system to at least one of the plurality of interface modules 
where it is stored. 

30. The refuse vehicle of claim 20 further comprising: 
a chassis; and 

a body which includes the footboard; 

wherein the output device pertains to the body of the refuse 

vehicle. 

31 . A refuse vehicle comprising: 

a control system which comprises: 

a plurality of microprocessor based interface modules; 
a communication network configured to interconnect the 
plurality of interface modules; and 

at least one output device: 



28. 



vehicle. 
29. 

comprises: 
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wherein the control system is configured to disable the output 
device when the refuse vehicle is moving in reverse. 

32. The refuse vehicle of claim 31 wherein the output device receives 
power from a power takeoff. 

33. The refuse vehicle of claim 31 wherein the output device pertains 
to a group consisting of a refuse loader, a refuse compactor, a tailgate, and 
combinations thereof. 

34. The refuse vehicle of claim 31 wherein the control system is 
configured to disable the output device from being actuated when the vehicle is 
moving in reverse, the control system being configured to enable, when the 
vehicle is moving in reverse, the output device to complete an operation initiated 
when the vehicle was not moving in reverse. 

35. The refuse vehicle of claim 31 further comprising: 
a chassis; and 

a body; 

wherein the output device pertains to the body of the refuse 

vehicle. 

36. A refuse vehicle comprising: 

a chassis which includes an engine and a transmission; 
a body which includes a footboard; and 
a control system which comprises: 

a plurality of microprocessor based interface modules; and 
a communication network configured to interconnect the 
plurality of interface modules; 

wherein the control system is configured to shut the engine off 
when the transmission is in reverse and a person is positioned on the footboard. 

37. A refuse vehicle comprising: 
a chassis; 
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a body which includes a hydraulic oil reservoir; and 
a control system which comprises: 

a plurality of microprocessor based interface modules; 
a communication network configured to interconnect the 
plurality of interface modules; and 

a hydraulic output device; 
wherein the control system is configured to disable the hydraulic 
output device when the hydraulic oil reservoir is low. 

38. A refuse vehicle comprising: 
a chassis; 

a body which includes a refuse handling device; and 
a control system which comprises: 

a plurality of microprocessor based interface modules; and 
a communication network configured to interconnect the 
plurality of interface modules; 

wherein the control system is configured to prevent the refuse 
vehicle from exceeding a threshold speed when the refuse handling device is in 
a working position. 

39. The refuse vehicle of claim 38 wherein the threshold speed is 
between approximately 2 kilometers per hour and approximately 20 kilometers 
per hour. 

40. The refuse vehicle of claim 38 wherein the threshold speed is 
between approximately 3 kilometers per hour and approximately 8 kilometers 
per hour. 

41 . The refuse vehicle of claim 38 wherein the refuse handling device 
is a refuse loader. 

42. A refuse vehicle comprising: 
a chassis; 

a body; 
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a lubrication system configured to lubricate components of the 
body of the refuse vehicle; and 

a control system comprising: 

a plurality of microprocessor based interface modules; and 
a communication network configured to interconnect the 
plurality of interface modules; 

wherein the control system is configured to initiate a lubrication 
cycle at periodic intervals. 

43. The refuse vehicle of claim 42 wherein the periodic intervals range 
from approximately five minutes to approximately sixty minutes. 

44. The refuse vehicle of claim 42 wherein the control system 
comprises at least one input device configured to detect whether one or more 
components are being lubricated. 

45. The refuse vehicle of claim 44 wherein the input device is 
configured to detect the pressure pulses of a lubricant in the lubricant system. 

46. A refuse vehicle comprising: 
a control system comprising: 

a plurality of microprocessor based interface modules; and 
a communication network configured to interconnect the 
plurality of interface modules; 

wherein the control system is configured to prevent the refuse 
loader from initiating a refuse handling operation when the vehicle is moving, 
the control system being configured to allow, when the vehicle is moving, the 
refuse loader to complete the refuse handling operation initiated when the 
vehicle was not moving. 

47. The refuse vehicle of claim 46 wherein the refuse handling 
operation comprises compacting refuse in the refuse vehicle. 
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48. The refuse vehicle of claim 46 wherein the refuse handling 
operation comprises loading refuse in the refuse vehicle. 

49. A refuse vehicle comprising: 

a chassis which includes a transmission; 
a body; . 

a control system comprising: 

a plurality of input devices including a camera; 

a plurality of output devices including a display; 

a plurality of microprocessor based interface modules and a 
communication network, the plurality of interface modules being interconnected 
to each other by way of the communication network, each of the plurality of 
interface modules being coupled to respective ones of the plurality of input 
devices and the plurality of output devices, and the plurality of interface 
modules storing I/O status information for the plurality of input devices and the 
plurality of output devices; and 

wherein the control system is configured to display at least one 
image of an area to the rear of the refuse vehicle on the display when the 
transmission of the refuse vehicle is in reverse and/or when the refuse vehicle is 
moving in reverse. 

50. The refuse vehicle of claim 49 wherein the display is positioned in 
an operator compartment of the refuse vehicle. 

51 . The refuse vehicle of claim 49 wherein the display displays video 
images. 

52. A refuse vehicle comprising: 
a control system comprising: 

a plurality of input devices including an emergency stop; 
a plurality of output devices; 

a plurality of microprocessor based interface modules and a 
communication network, the plurality of interface modules being 
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interconnected to each other by way of the communication network, each 
of the plurality of interface modules being coupled to respective ones of 
the plurality of input devices and the plurality of output devices, and the 
plurality of interface modules storing I/O status information for the 
plurality of input devices and the plurality of output devices; and 

wherein the control system is configured to disable the plurality of 
output devices when the emergency stop is activated. 

53. The refuse vehicle of claim 52 further comprising: 
a chassis; and 

a body; 

wherein the plurality of output devices include output devices 
pertaining to the body that receive power from a power takeoff. 

54. The refuse vehicle of claim 52 further comprising: 
a chassis; and 

a body; 

wherein the plurality of output devices are those output devices 
pertaining to the body. 

55. A method for controlling a refuse vehicle comprising: 

disabling a plurality of output devices of the refuse vehicle when a 
transmission of the refuse vehicle is in gear; 

enabling the plurality of output devices when a brake of the refuse 
vehicle is engaged; 

disabling the plurality of output devices when the brake pedal is 

disengaged; 

wherein all three steps are performed by a control system that 
comprises a plurality of microprocessor based interface modules, the plurality of 
interface modules being interconnected by way of a communication network. 

56. The method of claim 55 wherein the plurality of output devices are 
enabled by moving the transmission out of gear when the brake is engaged. 
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57. The method of claim 56 wherein the plurality of output devices are 
disabled by moving the transmission back into gear when the brake is 
disengaged. 

58. The method of claim 55 wherein the plurality of output devices 
receive power from a power takeoff. 
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